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5HVSRQVLEOHDXWRQRP\IRUKHDOWKFDUHSURIHVVLRQDOV
6XFFHVVIXOPDQDJHPHQWRI ODUJHPXOWLVSHFLDOW\KRVSLWDOVUHTXLUHVPDQDJHULDORUJDQL]DWLRQDO WHFKQRORJLFDODQG
FOLQLFDODSSURDFKHV WREH OLQNHG WRJHWKHU)DLOXUH WRKDYHD MRLQHGRSWLPL]DWLRQRI WKH WHFKQLFDOV\VWHPDQGVRFLDO
V\VWHP FRXOG OHDG WR SDUDGR[LFDO IDOO LQ WKH SURGXFWLYLW\ DQG DQ LQFUHDVHG DEVHQWHHLVP GHVSLWH WKH VLJQLILFDQW
LPSURYHPHQWVRIWHFKQRORJ\ZKLFKKDYHEHHQGHVFULEHGLQDZLGHO\XVHGVRFLRWHFKQLFDOV\VWHPVWKHRU\>@
2QHRI WKHPDMRU WHFKQRORJLFDO LPSURYHPHQWV LQKRVSLWDOV± WKHFKDQJHIURPSDSHUEDVHGUHFRUGLQJRIFOLQLFDO
SURFHVVHVWRHOHFWURQLFUHFRUGVZLWKWKHSRVVLELOLW\IRUUHODWLYHO\HDV\WUDFHDEOHGDWDRQWKHSDWLHQWIORZFDQDOVR
FUHDWH D FHUWDLQ WHQVLRQ LQ WKH VRFLDO V\VWHPRI D KRVSLWDO+RVSLWDO RSHUDWLRQV WKXV EHFRPHPRUH WUDQVSDUHQW IRU
PDQDJHUV ZLWK WKH SRVVLELOLW\ RI HQKDQFHG PDQDJHULDO FRQWURO RQ FOLQLFDO SURFHVV 2Q WKH RWKHU KDQG WKH
PDQDJHPHQW HIIRUWV WRPDNH FOLQLFDO SURFHVVPRUH HIIHFWLYH FDQ EH SHUFHLYHG E\ SK\VLFLDQV DV D WKUHDW WR WKHLU
SURIHVVLRQDO DXWRQRP\>±@ ,W LV ZLGHO\ UHFRJQL]HG WKDW FOLQLFLDQV SHUIRUPDQFH LV WKH EHVW ZKHQ ³EHLQJ LQYLWHG




WKDW LPSOHPHQWDWLRQ RI WKH KHDOWK LQIRUPDWLRQ WHFKQRORJLHV +,7 KDV OHG WR KHDOWKFDUH FRVW VDYLQJV>@ SDUWLDOO\
FRXOGEHDWWULEXWHGWRYLRODWLRQRIVRPHSULQFLSOHVHVVHQWLDOIRUWKHRSWLPL]DWLRQRIFRPSOH[VRFLRWHFKQLFDOV\VWHPV
1RVLQJOHPRGHOH[LVWVIRURSWLPL]DWLRQVRIVRFLRWHFKQLFDOV\VWHPV+RZHYHUVRPHXQLYHUVDOSULQFLSOHVFRXOG




7KXV DSSO\LQJ WKHVH SULQFLSOHV WR WKH LQWURGXFWLRQ RI +,7 LQ  KRVSLWDOV DW D FOLQLFDO OHYHO ³GRPLQDWHG E\
LQGLYLGXDOVZLWKSURIHVVLRQDOEDFNJURXQGVYDOXLQJVHOIJRYHUQDQFHDQGDXWRQRP\´>@FRXOGOHDGWRDVLWXDWLRQWKDW
KHDOWK SURIHVVLRQDOV IHHO PRUH HPSRZHUHG LQ WKHLU GDLO\ZRUN 6RPH DXWKRUV KDYH DUJXHG WKDW HPSRZHUHG VHOI
UHJXODWHGZRUN JURXSV  FDQ EH D FRPSOHPHQW RU HYHQ D VXEVWLWXWH RI WUDGLWLRQDOPDQDJHPHQW LQ WKRVH VLWXDWLRQV
ZKHQ WKHUH LVD ODFNRIHIILFLHQF\>±@+RZHYHU WKHDSSOLFDWLRQRI WKHPHQWLRQHGSULQFLSOHV IRURSWLPL]DWLRQVRI
FRPSOH[ VRFLRWHFKQLFDO V\VWHPV KDYH EHHQ OLPLWHG LQ KHDOWKFDUH DQG ³D ERWWRPXS VWUDWHJ\ OHG E\ FOLQLFLDQV LV







&RPSDUHG WRPDQDJHUV KHDOWK SURIHVVLRQDOV XQWLO QRZ KDYH KDG FRQVLGHUDEO\ OHVV SRVVLELOLWLHV WR H[SORUH WKH
LQIRUPDWLRQVWRUHGLQGDWDEDVHVDQGVHDUFKIRUDQVZHUVWRTXHVWLRQVZKLFKDUHRXWVLGHWKHVFRSHRISUHPDGHUHSRUWV
7KH FRPSOH[LW\ RI KRVSLWDO GDWDEDVHV DQG GDWD KHWHURJHQHLW\ GHPDQGV HLWKHU DGYDQFHG SURJUDPPLQJ DQG GDWD






WRROV IRU WKHP QRQSURJUDPPHUV" 7KH SUREOHP LV WKDW QRQSURJUDPPHUV GR QRW SRVVHVV WKH UHTXLUHG VNLOOV WR
IRUPXODWHTXHULHVE\WKHPVHOYHVEHFDXVHRIWKHFRPSOH[LW\RITXHU\ODQJXDJHVXVHGWRUHWULHYHDQVZHUVIURPGDWD
VWRUHV7KHUH DUH WKUHHPDLQ SUREOHPV KRZ WRGHVFULEHGDWD WREH HDVLO\ SHUFHLYHGE\QRQSURJUDPPHUV KRZ WR
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TXHU\GDWDVLPSO\HQRXJKIRUQRQSURJUDPPHUVKRZWRSHUIRUPTXHU\HIILFLHQWO\HQRXJKLQRUGHUWRJHWDQDQVZHU
LQDUHDVRQDEOHWLPH





PDNHZUDSSHUV IRU WKHVH ODQJXDJHV HJJUDSKLFDOTXHU\EXLOGHUV OLNH*UDSKLFDO4XHU\'HVLJQHU IRU64/6HUYHU
9L]L4XHU>@ IRU63$54/DQG5')GDWDEDVHVRUIRUPEDVHGWRROVXVLQJZL]DUGVDQGVWDQGDUG*8,HOHPHQWVHJ
WDEOHVDQGOLVWV OLNH6$34XLFN9LHZHU649,7KHUHDUHDOVRRWKHUSURSRVDOVZKLFKSURYLGHWKHPHDQVIRUGLUHFW
GDWD DFFHVV 2QH RI WKH PRVW ZHOONQRZQ DSSURDFKHV LV 6HOI6HUYLFH %XVLQHVV ,QWHOOLJHQFH 66%, ZKLFK ZDV
SURSRVHGE\0LFURVRIW>@,WSURYLGHVDULFKVHWRIWRROV3RZHU%,DOORZLQJWKHHQGXVHUWREXLOGVRSKLVWLFDWHGGDWD
YLVXDOL]DWLRQV DQGPDNHGDWD DQDO\VLVPDLQO\ WKURXJK VSUHDGVKHHW DSSOLFDWLRQV ,%0:DWVRQ$QDO\WLFV LV DQRWKHU
JLDQWZKLFKDWWDFNVWKLVSUREOHP<HWWKHUHLVDVLJQLILFDQWGUDZEDFNRIWKHPHQWLRQHGDSSURDFKHVQDPHO\DVWHHS
OHDUQLQJFXUYHVKDOOEHRYHUFRPHLQRUGHUWROHDUQDQHZTXHU\ODQJXDJHDQGWRXQGHUVWDQGWKHZD\GDWDDUHVWRUHG
$YLDEOHRSWLRQ WRTXHU\GDWD IRUPHGLFDOSURIHVVLRQDOV LVDQDWXUDO ODQJXDJHPRUHSUHFLVHO\QDWXUDO ODQJXDJH
LQWHUIDFHV WR GDWDEDVHV 1/,'%V $ ORW RI ZRUN KDV EHHQ GRQH LQ WKLV DUHD>@ +RZHYHU IRUPXODWLRQ RI WKH
SUHFLVHTXHU\LWVHOILVDKDUGSUREOHPIRUXVHUVZLWKRXWPDWKHPDWLFDOEDFNJURXQGDQGWKHUHDUHORWVRISUREOHPVLQ
WKH XQGHUVWDQGLQJ RI FRPSOH[ TXHULHV ,Q RUGHU WR PDNH DQ 1/,'% V\VWHP XVDEOH E\ QRQSURJUDPPHUV LW LV
QHFHVVDU\ WR VROYH WKH SUREOHP RI OLQJXLVWLF FRYHUDJH ,W LV YHU\ LPSRUWDQW WR H[SODLQ WR XVHUVZKDW WKH GDWDEDVH
³NQRZV´DQGZKDWFDQEHDVNHG'DWDEDVHVFKHPDVXVHGE\,7H[SHUWVOLNH(5PRGHOVDUHWRRFRPSOH[DQGFRQWDLQ
WRRPDQ\ WHFKQLFDOGHWDLOV WREHXVHIXO IRU WKHH[SODQDWLRQRI WKHXQGHUO\LQJGDWD&RPSXWHUVRQ WKHRWKHUKDQG
FDQQRW SURSHUO\ XQGHUVWDQG ZKDW XVHUV PHDQ E\ WKHLU TXHULHV EHFDXVH RI ULFKQHVV DQG DPELJXLW\ RI WKH QDWXUDO
ODQJXDJH,QRUGHUWRDFKLHYHDFRQVHQVXVEHWZHHQWKHXVHUDQGWKHFRPSXWHUDQLQWHUPHGLDWHUHSUHVHQWDWLRQRIGDWD
VFKHPD LV QHHGHG 2QWRORJLHV GHILQH FRQFHSWV WKHLU SURSHUWLHV DQG UHODWLRQVKLSV ZKLFK FDQ EH XVHG E\ XVHU
$OWKRXJK DQ RQWRORJ\ FRQFHDOV VRPH WHFKQLFDO GHWDLOV LW UHTXLUHV WKH XQGHUVWDQGLQJ RI EDVLF HQWLW\UHODWLRQVKLS










GDWDDUHsliced LQ VOLFHVZKHUHHDFKVOLFH UHSUHVHQWVDSDUWLFXODUSDWLHQW WRJHWKHUZLWKKLVKHU UHODWHGGDWD KLVKHU




ZKHUH LW LVVKRZQWKDWDVWDURQWRORJ\FDQVHUYHDVDYHU\JRRGIRUPDWIRUVWRULQJGDWD LQDXVHUIULHQGO\PDQQHU
&RQFHSWVRIWKHVWDURQWRORJ\FODVVHVDQGDWWULEXWHVLQFDVHRIKRVSLWDOGDWDDUHGLUHFWO\OLQNHGWRWKHFRQFHSWVRID
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EH RQH RI WKH PRVW QDWXUDO ZD\V RI GHSLFWLQJ VXFK GRFXPHQWV LQ JHQHUDO QRW MXVW LQ WKLV SDUWLFXODU FDVH 6WDU
RQWRORJLHV FDQ EH XVHIXO DOVR LQ WKRVH FDVHV ZKHQ WKHUH DUH QR SDSHUIRUPDW LQSXW IRUPV LQ D FRPSDQ\ DOO





6LQFH VWDU RQWRORJLHV DUH JUDQXODU PHDQLQJ ± WKH\ FDQ EH QDWXUDOO\ GLYLGHG LQ VOLFHV>@ WKH\ SURYLGH D
SRVVLELOLW\IRUXVWRGHYHORSDQHZNLQGRITXHU\LQJODQJXDJHWKDWLVYHU\HDVLO\XQGHUVWDQGDEOHE\GRPDLQH[SHUWV






WKDW FDQ DOVREHXQGHUVWRRGE\ WKH VDPHGRPDLQ H[SHUWV ,I GDWDZHUH VWRUHG LQ D UHODWLRQDOGDWDEDVH WKH\ZRXOG
W\SLFDOO\ EH TXHULHG E\ WKH64/ ODQJXDJH WKDW LV YHU\ WHFKQLFDO ,Q FDVH RI VWDU RQWRORJLHVZH KDYH GHYHORSHG D
QDWXUDOODQJXDJHEDVHGTXHU\ODQJXDJHWKXVLWLVPRUHFRQYHQLHQWIRUHYHU\GD\XVHE\QRQ,7VSHFLDOLVWV:HKDYH
EDVHG WKH ODQJXDJH RQ VHYHUDO W\SLFDO FRQVWUXFWV RI D QDWXUDO ODQJXDJH DQG ZH KDYH WKHQ VXSSOHPHQWHG WKRVH
FRQVWUXFWVZLWKVRPHforeignSDUWVOLNHH[SUHVVLRQVDQGYDULDEOHVLQVRPHFDVHV2XUPDLQJRDOKHUHLVWRPLQLPL]H
WKH VWHHS OHDUQLQJ FXUYH WKDW LV W\SLFDOO\ QHHGHGZKHQ OHDUQLQJ D QHZTXHU\ ODQJXDJH:H DVVXPH WKDW D QDWXUDO
ODQJXDJHZRXOGEHWKHEHVWVROXWLRQKHUHEHFDXVHXVHUVDUHDOUHDG\IDPLOLDUZLWKLWDQGZHWU\WRFRPHDVFORVHWR
WKH QDWXUDO ODQJXDJH DV SRVVLEOH 2XU TXHU\ ODQJXDJH LV VWLOO TXLWH FRQWUROOHG RI FRXUVH EXW ZH EHOLHYH LW LV
QHYHUWKHOHVVPXFKPRUHVXLWDEOHIRUFOLQLFLDQVDQGPDQDJHUVRIKRVSLWDOWKDQ64/
1RZ OHW XV LQWURGXFH DQ H[DPSOH TXHU\ ± count Patients, who have at least one HospitalEpisode, which has 
Manipulation with manipul.code=020787KLVQDWXUDOODQJXDJHVHQWHQFHLVXQGHUVWDQGDEOHE\GRPDLQH[SHUW/HWXV
QRZ LQVSHFW DELWPRUH FRPSOLFDWHGTXHU\count Patients, who have at least one HospitalEpisode, which has at 
least one TreatmentWard, which has at least one Manipulation with manipul.code=020787KLVVHQWHQFHPD\FDXVH




WKHJLYHQFODVV±count Patients p, where exists p.HospitalEpisode e, where exists e.TreatmentWard t, where exists 
e.Manipulation m, where m.manipul.code=02078:HKDYHDOVRXQLILHGRWKHUFRPSRQHQWVRIWKHQDWXUDOODQJXDJH
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HJ ZH XVH WKH NH\ZRUG ³ZKHUH´ LQVWHDG RI ³ZKR´ ³ZKLFK´ DQG ³ZLWK´ DQG WKH NH\ZRUG ³H[LVWV´ LQVWHDG RI
³KDYHKDVDWOHDVWRQH´7KHGRWQRWDWLRQDIWHUWKHVKRUWQDPHPXVWEHSHUFHLYHGDVWKH³RI´UHODWLRQ±count Patient 
p, where exists HospitalEpisode e of Patient p, where…
/HWXVQRZLQWURGXFHVRPHEDVLFQRWDWLRQVWKDWZHZLOOXVHWRGHVFULEHWKHTXHU\ODQJXDJH:HZLOOXVHWKHWHUPV





RI FKLOG FODVVHV EXW LQ WKLV FDVH ZH REWDLQ D VHW RI LQVWDQFHV )RU H[DPSOH x.Manipulation ZRXOG EH D VHW RI
PDQLSXODWLRQVUHDFKDEOHIURPWKHJLYHQWUHDWPHQWZDUGx
,IAClassLVDQDUELWUDU\FODVVRIWKHRQWRORJ\ZHZLOOXVHWKHWHUPAClass attribute expressionWRGHQRWHDWWULEXWH
H[SUHVVLRQVRIERWKAClass LWVHOIDQGDOORI LWVSDUHQWFODVVHV ZHDVVXPHKHUH WKDWSDUHQWVDQGFKLOGUHQVKDUHQR




























7KH VHPDQWLFV VHOHFWV DOO LQVWDQFHV RI$&ODVVZKLFK VDWLVI\ WKH VHOHFWLRQ FRQGLWLRQ WKHQPDNHV D WDEOHZLWK




























IRU WKLV WDVN 'XULQJ WKH WZR \HDU SHULRG ZKHQ LW ZDV XVHG IRU UHSRUW JHQHUDWLRQ WKH ODQJXDJH XQGHUZHQW D





7KH VHFRQG SDUW RI WKH ILUVW DERYHPHQWLRQHG DVSHFW UHJDUGV WKH SRVVLELOLW\ IRU GRPDLQ H[SHUWV WR OHDUQ WKH
ODQJXDJH7R WHVW WKLV DVSHFWZHSHUIRUPHGERWK LQGLYLGXDO H[SHULPHQWVZLWKSRWHQWLDO HQGXVHUV DQGJURXS WHVWV
*HQHUDO VLWXDWLRQ IURP WKH ODQJXDJH WHDFKLQJ SRLQW RI YLHZ ZDV EHVW GHPRQVWUDWHG LQ DQ H[SHULPHQW ZLWK





LQ DJRRG UHDOO\QDWXUDO ODQJXDJH6HFRQGO\ WKH\KDG WRGR WKH WDVN LQ WKHRSSRVLWHGLUHFWLRQ± FKDQJLQJQDWXUDO





7DVNH[HFXWLRQOHYHO     
8QGHUVWDQGLQJRITXHULHV     
:ULWLQJRITXHULHV     

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:H DUH RI FRXUVH QRW OLPLWHG E\RQO\ RQH FRPSXWHU:H FDQ DOVR XVH VHYHUDO FRPSXWHUV FRQQHFWHG YLD KLJK





+HDOWK SURIHVVLRQDOV FRQVLGHU WKDW FOLQLFDO JRYHUQDQFH VKDOO EH HIIHFWLYH RQO\ LI ILQDQFLDO FRQWURO VHUYLFH
SHUIRUPDQFH DQG FOLQLFDO TXDOLW\ LV LQWHJUDWHG VR WKDW FOLQLFLDQV DUH HQJDJHG DQG VHUYLFH LPSURYHPHQWV DUH
JHQHUDWHG>@$QLQWHJUDOSDUWRIWKLVHQJDJHPHQWLVDOVRWKHDELOLW\WRXQGHUVWDQGKRZWKHGDWDUHSUHVHQWLQJFOLQLFDO
SURFHVVDUHFROOHFWHGDQG LQWHJUDWHGDQGZKDW WKHQXPHURXVGDWDHOHPHQWVPHDQ/HDUQLQJRI WKHSURSRVHGTXHU\
WRROQDWXUDOO\ILWVLQDODUJHUVHWRIDFWLYLWLHVDLPHGWRIRVWHUVHOIUHJXODWLRQDELOLW\RIKHDOWKSURIHVVLRQDOVQHFHVVDU\
IRUMRLQWRSWLPL]DWLRQRIERWKWHFKQLFDODQGVRFLDODVSHFWVWRZDUGVWKHJRDO±DPRUHHIIHFWLYHKRVSLWDO
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,QWKLVSDSHUZHKDYHSURSRVHGDTXHU\ODQJXDJHWKDWLVEDVHGRQWKHQDWXUDOODQJXDJHSULQFLSOHV7KXVLWLVHDVLHU
WRXVHWKDQWUDGLWLRQDOTXHU\ODQJXDJHVIRUTXHU\LQJGDWDIURPGDWDEDVHVOLNH64/3UDFWLFDOH[SHULPHQWVZLWKRXU
TXHU\ ODQJXDJH KDYH VKRZQ WKDW WKHUH DUH \HW DW OHDVW WZR LPSRUWDQW IHDWXUHV WKDWPXVW EH DGGHG WR LQFUHDVH LWV
XVDELOLW\ ± WKH VXEVHW GHILQLWLRQ IHDWXUH '(),1( ,QIHFWLRXV'LVHDVH   6(/(&7« DQG WKH DWWULEXWH GHILQLWLRQ
















$YDLODEOHKWWSZZZSXEPHGFHQWUDOQLKJRYDUWLFOHUHQGHUIFJL"DUWLG 	WRRO SPFHQWUH]	UHQGHUW\SH DEVWUDFW
 (GZDUGV1.RUQDFNL0-6LOYHUVLQ-8QKDSS\GRFWRUVZKDWDUHWKHFDXVHVDQGZKDWFDQEHGRQH"%0-±
 +DP&$OEHUWL.*007KHPHGLFDOSURIHVVLRQWKHSXEOLFDQGWKHJRYHUQPHQW%0->,QWHUQHW@±$YDLODEOHIURP
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13DSDGDNLV3.HIDODV06WLOLDQDNDNLV$WRROIRUDFFHVVWRUHODWLRQDOGDWDEDVHVLQQDWXUDOODQJXDJH([SHUW6\VWHPVZLWK$SSOLFDWLRQV
SS±
,$QGURXWVRSRXORV*'5LWFKLHDQG37KDQLVFK1DWXUDOODQJXDJHLQWHUIDFHVWRGDWDEDVHV±DQLQWURGXFWLRQ1DWXUDO/DQJXDJH
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